ABSTRACT Objectives: The US thyroid cancer incidence rates are rising while mortality remains stable. Trends are driven by papillary thyroid cancer (PTC), the predominant cancer subtype which has a very good prognosis. We hypothesised that health insurance and high census tract socioeconomic status (SES) are associated with PTC risk.
INTRODUCTION
In Surveillance, Epidemiology, and End Results (SEER) registry areas of the USA from 1975 to 2011, thyroid cancer incidence rates tripled [1] [2] [3] while US thyroid cancer mortality trends were steady. 1 These discrepant trends are consistent with cancer overdiagnosis. [2] [3] [4] Similar patterns are reported in many but not all industrialised countries. 3 Thyroid cancer incidence rates are higher among women than men 5 and among Caucasians than other major racial groups. 6 7 Most of the rising incidence results from the increasing diagnosis of small papillary thyroid cancers (PTCs). 2-4 8-10 Access to health insurance contributes to the overdiagnosis of small PTCs, 3 11-13 which carries a relatively low risk of death. 3 Incidence rates of small PTCs are elevated in high socioeconomic status (SES) counties 7 14 15 and census tracts. 11 12 Overdiagnosis and overtreatment of PTCs are associated with adverse effects, including postsurgical complications, extended hospitalisation and lifelong hormone replacement therapy. 2-4 16 In contrast, several non-PTC types, including follicular, medullary and anaplastic thyroid cancers, carry progressively worse prognoses. 17 The present analysis, based on population-level cancer registry data covering approximately 30% of the USA, demonstrates the magnitude of Strengths and limitations of this study ▪ The study included 41 072 incident thyroid cancer cases during 2007-2010 across 30% of the US population. ▪ Rate ratios and CIs were used to assess effects of socioeconomic status and insurance on thyroid cancer incidence. ▪ Effects were also examined by patient attributes, tumour size and histology. ▪ Potential misclassification of histology data from population-based pathology reports was a limitation of this study.
combined effects of neighbourhood SES, 18 19 and personal insurance status on the overdiagnosis of small PTCs including by age, gender, race and ethnicity.
MATERIALS AND METHODS
Data were obtained from 16 National Cancer Institute (NCI) SEER registries that cover approximately 30% of the US population. The SEER November 2012 data set was used for all analyses. Registries included in analyses were Connecticut, Detroit, Hawaii, San FranciscoOakland, Atlanta, Iowa, New Mexico, Seattle-Puget Sound, Utah, Los Angeles, San Jose-Monterey, Rural Georgia, Greater California, Greater Georgia, Kentucky and New Jersey. Alaska Native cases were excluded because census tract attributes were not available, and Louisiana cases were excluded because of uncertainty about the population impact of Hurricane Katrina on census tract SES.
Case attributes
Gender and age distributions (<50, 50-64 and ≥65 years of age at diagnosis) were examined. While 98% of cases were 20 years of age and older at time of diagnosis, the analysis included children <20 years of age for purpose of completeness. Race and ethnicity were defined as Hispanic, non-Hispanic Caucasians, non-Hispanic African-Americans, and non-Hispanic Asian/Pacific Islander. Non-Hispanic American Indian/Alaska Natives and other and unknown races were combined as one group. Tumours were classified as ≤2, >2 cm and unknown size. When ≤10 cases were observed, data were suppressed.
Histological classification
Only malignant primary thyroid cancers were included in analyses. Thyroid cancer histological classifications were coded using the International Classification of Diseases for Oncology, 3rd edition (ICD-O-3). 20 A total of 283 cases with poorly specified cancer histologies (ICD-O-3 morphologies 8000-8005) were excluded. Census-tract level SES SES is typically measured using county-level attributes as a proxy for individual data. However, county-level SES attributes are less precise than smaller area or individual SES attributes. To improve area-based SES estimates, we used a year-dependent census tract SES composite index 18 linked to SEER cases by the census tracts of residence at time of diagnosis. The SES index was derived from seven variables ( per cent working class population, per cent adult unemployment, educational attainment, median household income, per cent of population living below 150% of national poverty line, median rent and median home value). Taken together, these variables capture three principal components of SES (income, occupation, education). The weight assigned to each variable was determined on the basis of factor analysis. 18 Specifically, the output from factor analysis that explained more than 90% of the common variance among these variables was used as the 'SES index'. Community Surveys, respectively. Census tracts were categorised into SES quintiles according to this index, with equal populations in each quintile. The first quintile (Q1, lowest SES) is the 20th centile or less, and the fifth quintile (Q5, highest SES) corresponds to the 80th centile or higher. The SES index used in the present study has the advantage over specific area level SES measures of protecting against disclosure of case identity through identification of any census tract with a unique permutation of multiple SES attributes. The index is linked to standard SEER data and is available for public use on request from the authors. A total of 642 cases were missing data on SES and were excluded from SES-related analysis.
Incidence by insurance and SES Age-adjusted incidence rates 22 were calculated by tumour size, insurance status, SES and histology for cases diagnosed during 2007-2010, years during which insurance data were available (SEER Stat V.8.1.5, IMS, Inc, Calverton, Maryland, USA). Thyroid cancer incidence rates per 100 000 persons were directly age-adjusted to the 2000 US population. Rate ratios (RR) and 95% CIs were calculated using the SES lowest quintile as the reference. Regression models were used to estimate the percentage change in rate by SES 23 for PTC and non-PTC histologies using the SAS PROC REG procedure (SAS 9.3, Cary, North Carolina, USA). The regression line slope was considered to be statistically different from zero at a cut-off of p≤0.05 based on a twosided test.
RESULTS

Demographics
Characteristics of patients diagnosed with thyroid cancer during 2007-2010 are shown in table 1. The 41 072 cases were diagnosed with the following subtypes: 36 020 papillary (88%), 3288 follicular (8%), 722 medullary (2%), 381 anaplastic (1%), 284 other epithelial (1%) and 377 other histologies (1%). Half of the cases (49%) were <50 years of age, including 51% of PTC cases. Most cases in other histological groups were 50 years of age or older. Women accounted for 76% of cases and 77% of (table 3) . RRs associated with high-SES and insurance are shown in red while those of less than fully insured cases are shown in blue in figures 1 and 2. In addition to the overall effect among insured cases (figure 1), large increases in RRs with SES were seen among persons <50 years of age, men and Asians (figure 2). Among insured non-PTC cases, the increase in RRs with SES was less pronounced than among cases with PTCs, with follicular tumours accounting for 60% of non-PTCs. Among less than fully insured cases, rates did not increase with SES.
DISCUSSION
In this SEER study among fully insured cases, risk of PTC diagnosis increased monotonically with SES. This association was driven by diagnosis of small PTCs, with a 2.7-fold higher rate in the highest compared to the lowest SES quintile. The effect persisted within several subgroups including persons <50 years of age, women and white. These overlapping subgroups comprise a large proportion of all cases, with large numbers of participants in each SES stratum. Among the 'other than fully insured', a more heterogeneous group including Medicaid and uninsured patients, thyroid cancer incidence did not increase with SES. The enumeration of risk among insured cases in high compared to low-SES areas may inform current discussions pertaining to PTC overdiagnosis.
This study is a large SEER population-based study, covering 30% of the population, with both census tract SES and individual insurance data. The results are more detailed than previous studies of thyroid cancer incidence and SES 3 7 11-15 24 or health insurance coverage [12] [13] [14] [15] with findings that differ from early studies that found no association with SES or insurance. 25 26 Our study and a New Jersey study spanning 1979-2006 12 include census tract-level SES. The New Jersey study included county-level insurance data, while this study is based on individual-level insurance data. This is the first report of which we are aware to report a monotonic increase in PTC incidence rates with rising SES among insured cases. Our findings further indicate that this effect is largely driven by the diagnosis of small PTCs.
The rising incidence of small PTCs is described as an epidemic of diagnosis, 2-4 disproportionately affecting women 4 5 11 12 and patients under 50 years of age. 5 Among insured cases, the effect of SES on risk of small PTC diagnosis was most pronounced among persons <50 years of age. There is a need to determine why people in this age stratum and other at-risk groups including women and Caucasians are more likely to undergo tests that lead to the diagnosis of PTC. Although small PTCs accounted for 60% of thyroid cancer cases in this report, previous studies indicate that PTCs account for <5% of thyroid cancer deaths and that other thyroid cancer types carry far worse prognoses.
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The higher incidence of PTC among insured individuals residing in high-SES areas could be a consequence of higher paid individuals being 'overinsured' relative to lower paid 'underinsured' workers. 27 Overinsurance could increase access to imaging and biopsy for cancer screening and evaluation of benign thyroid conditions. Such technologies may detect small, relatively low-risk thyroid nodules. 2 4 In one study, areas with high numbers of young physicians reported increased incidence rates of thyroid cancer compared to areas with high concentrations of older physicians. 28 The authors postulated that there is greater use of ultrasound-guided biopsy by young physicians trained in this technology. If these diagnostic resources are more likely to be found in high-SES areas, it could contribute to associations between affluence and PTC incidence. Other potential explanations include that income and insurance are proxy measures for education. To the extent that this is the case, more educated individuals may seek early care and press their physicians for specific thyroid-related tests and treatments.
Unless needed, postdiagnosis thyroidectomy and radiation place patients with small PTCs at risk for avoidable surgical complications, lifetime thyroid replacement therapy and perhaps second malignancies. [2] [3] [4] The cost of care for US patients diagnosed with well-differentiated thyroid cancer exceeded US$1.6 billion in 2013 alone, including more than US$0.5 billion each for initial treatment and continued follow-up. 29 American Thyroid Association (ATA) Management guidelines 30 for patients with thyroid nodules encourage non-invasive management unless patients have risk factors such as a family history of thyroid cancer, specific medical or environmental radiation exposures, or rapid tumour growth with hoarseness. One recent study estimated that, in the USA, approximately 82 000 men and women were diagnosed with PTCs during 1981-2011 that would never cause symptoms. 31 It has been proposed that some small PTCs be reclassified as non-cancers 2 3 10 or that the most biologically indolent tumours be managed with watchful waiting. [2] [3] [4] Reclassifying any PTCs as noncancerous would affect cancer survival statistics, 32 because thyroid cancer survival is known to vary by stage, age, gender and treatment. 33 Biomarker research may also help to distinguish thyroid cancers including PTCs that are likely to exhibit aggressive behaviour from other, more indolent types. 34 The strengths of this study include the availability of SEER variables for census tract SES and individual insurance status in registries covering 30% of the US population. Most studies of thyroid cancer incidence and SES 3 7 11 13-15 24 have measured SES at the county or registry level. Study limitations include potential misclassification of histology and availability of insurance data only for four recent years. In summary, compared to persons with insurance living in low-SES areas, those from high-SES areas had more than a 2.5-fold higher risk of being diagnosed with PTC. The association was driven by small PTCs and persisted among persons younger than 50 years, women and Caucasians. Quantifying the risk of PTC associated with SES and insurance may inform efforts to prevent overdiagnosis.
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